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(57) ABSTRACT

A method and system are provided for automatically portion-
ing workpieces, such as food products, by simulating portion-
ing the workpieces 1n accordance with one or more directly
controlled characteristics (parameters/specifications) and/or
indirectly controlled characteristics (parameters/specifica-
tions). The workpiece 1s scanned to obtain scanning informa-
tion, then simulating portioning of the workpiece 1s carried
out 1n accordance with the one or more directly controlled
characteristics (parameters/specifications), thereby to deter-
mine the one or more idirectly controlled characteristics of
the one or more final pieces to be portioned from the work-
piece. The simulated portioning of the workpiece 1s per-
formed for multiple combinations of one or more directly
controlled characteristics until an acceptable set of one or
more directly controlled characteristics and/or one or more

indirectly controlled characteristics 1s determined.
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Fig.6B.
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Fig.7.
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INDIRECTLY-CONTROLLED SPECIFICATIONS FOR EACH 104
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THE DIRECTLY-CONTROLLED AND INDIRECTLY-
CONTROLLED SPECIFICATIONS 1S FOUND

PERFORM CUT 106
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USER REQUESTS TO CUT WORKPIECES
BY DIRECTLY CONTROLLING CHARACTERISTICS TO BE
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DIRECTLY-CONTROLLED CHARACTERISTICS WILL HAVE
RESULTING INDIRECTLY-CONTROLLED
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INPUT COST FUNCTION FOR ONE OR MORE RANGES 160
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METHOD AND SYSTEM FOR PORTIONING
WORKPIECES TO DIRECTLY-CONTROLLED
AND/OR INDIRECTLY-CONTROLLED
CHARACTERISTICS

CROSS-REFERENCES TO RELAT
APPLICATIONS

L1

D,

This application 1s a continuation-in-part of application
Ser. No. 13/013,771 filed Jan. 25, 2011, which 1s a continu-

ation-in-part of application Ser. No. 12/369,687, filed Feb. 11,
2009, which 1s a division of application Ser. No. 11/030,622,
filed Jan. 5, 2005, now U.S. Pat. No. 7,593,785, 1ssued Sep.
22,2009, which claims the benefit of Provisional Application
No. 60/535,354, filed Jan. 9, 2004, the disclosures of which

are all hereby incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates generally to processing work-
pieces such as food products, and more specifically, to por-
tioming workpieces 1nto pieces, while also considering one or
more other parameters such as weight and size.

BACKGROUND OF THE INVENTION

Workpieces, including food products, are portioned or oth-
erwise cut into smaller pieces by processors 1n accordance
with customer needs. Also, excess fat, bone, and other foreign
or undesired materials are routinely trimmed from food prod-
ucts. It 1s usually highly desirable to portion and/or trim the
workpieces mto uniform sizes, for example, for steaks to be
served at restaurants or chicken fillets used 1n frozen dinners
or 1n chicken burgers. Much of the portioning/trimming of
workpieces, 1 particular food products, 1s now carried out
with the use of high-speed portioning machines. These
machines use various scanming techniques to ascertain the
s1ze and shape of the food product as 1t 1s being advanced on
a moving conveyor. This information 1s analyzed with the aid
ol a computer to determine how to most efficiently portion the
food product into optimum sizes. For example, a customer
may desire chicken breast portions in two different weight
s1zes, but with no fat or with a limited amount of acceptable
fat. The chicken breast 1s scanned as 1t moves on an infeed
conveyor belt and a determination 1s made through the use of
a computer as to how best to portion the chicken breast to the
weights desired by the customer, with no or limited amount of
fat, so as to use the chicken breast most effectively.

Portioning and/or trimming of the workpiece can be car-
ried out by various cutting devices, including high-speed
liquad jet cutters (liquids may include, for example, water or
liguid mitrogen) or rotary or reciprocating blades, aiter the
tood product 1s transferred from the infeed to a cutting con-
veyor. Once the portioning/trimming has occurred, the result-
ing portions are oif-loaded from the cutting conveyor and
placed on a take-away conveyor for further processing or,
perhaps, to be placed 1n a storage bin.

Portioning machines of the foregoing type are known 1n the
art. Such portioning machines, or portions thereof, are dis-
closed 1 prior patents, for example, U.S. Pat. Nos. 4,962,568
and 5,868,056, which are incorporated by reference herein.
Typically, the workpieces are first carried by an infeed con-
veyor past a scannming station, whereat the workpieces are
scanned to ascertain selected physical parameters, for
example, their size and shape, and then to determine their
weight, typically by utilizing an assumed density for the
workpieces. In addition, it 1s possible to locate discontinuities
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(1including voids), foreign material, and undesirable material
in the workpiece, for example, bones or fat 1n a meat portion.
The scanning can be carried out utilizing a variety of tech-
niques, including a video camera to view a workpiece 1llumi-
nated by one or more light sources. Light from the light
source 1s extended across the moving conveyor belt to define
a sharp shadow or light stripe line. When no workpiece 1s
being carried by the mfeed conveyor, the shadow line/light
stripe forms a straight line across the conveyor belt. However,
when a workpiece passes across the shadow line/light stripe,
the upper, 1rregular surface of the workpiece produces an
irregular shadow line/light stripe as viewed by a video camera
directed downwardly at an angle on the workpiece and the
shadow line/light stripe. The video camera detects the dis-
placement of the shadow line/light stripe from the position 1t
would occupy 11 no workpiece were present on the conveyor
belt. This displacement represents the thickness (height) of
the workpiece. The width of the workpiece 1s determined by
the width of the irregular shadow line/light stripe. The length
of the workpiece 1s determined by the length of belt travel that
shadow lines/light stripes are created by the workpiece. In this
regard, an encoder 1s integrated into the infeed conveyor, with
the encoder generating pulses at fixed distance intervals cor-
responding to the forward movement of the conveyor.

The data and information measured/gathered by the scan-
ning devices are transmitted to a computer, typically on board
the portioning apparatus, which records the location of the
workpiece on the conveyor as well as the shape and other
parameters of the workpiece. With this information, the com-
puter determines how to optimally cut or portion the work-
piece at the portioning station, and the portioning may be
carried out by various types of cutting/portioning devices.

Automatic portioning systems ol food products, such as
boneless chicken breasts, should be capable of cutting the
products 1into uniform shape, weight, and other parameters as
provided by their users. Oftentimes, the users have finished
samples that exemplily the users’ particular needs, such as a
sample having a desired shape.

Some conventional portioning systems use fixed forms to
portion products into a specific shape. A form 1s like a cookie
cutter that 1s used to stamp out a particular shape, and then the
cut piece 1s trimmed to a desired thickness by various types of
knives. The use of forms 1s cumbersome, 1n that each form 1s
usable to stamp out only one shape, and thus many forms are
required for stamping out various shapes. Also, each form
stamps out pieces only to a particular shape, without consid-
ering, for example, the resulting weight. Hand cutting 1s also
available for portioning food products into particular shapes,
but cutting the products into both uniform shape and uniform
weight 1s very difficult.

Accordingly, a need exists for an improved portioning
system, which 1s capable of cutting workpieces to a specific
shape, and of growing, shrinking, or otherwise altering the
shape 1n order to achieve one or more additional parameters
such as weight. Preferably, such a portioning system permits
a user to readily define the particular shape, and any other
parameter, to which workpieces are to be portioned.

The general problem of workpiece portioning, and 1n par-
ticular food workpiece portioning, 1s to {it acceptable portions
into highly variable workpieces and then cut them. The work-
pieces to be processed, including food workpieces, vary in
every dimension, have random defects, and have areas of fat
and cartilage that must be avoided. The thickness varies
throughout each workpiece in addition to the average thick-
ness varying from workpiece to workpiece.

Processors of the workpieces, for example meat work-
pieces, expect the portions to be of a narrow weight range, to
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maximize the number of portions they can sell without dis-
satistying anyone. Their customers expect the meat portions

to be of a specific shape or close enough to 1t with a fairly
narrow thickness range so that standardized processing can
occur, such as a cooking process that will yield uniformly
cooked meat. If the meat 1s to be placed 1n a bun, 1t1s expected
that the plan-view area of the meat portion should be com-
patible with the bun rather than disappearing inside or hang-
ing over the bun excessively. Also, 1t 1s undesirable that large
pieces of fat or cartilage exist in a portion. Also, tears, holes,
and other defects are unattractive 1n a portion as well.

These 1ssues are sought to be addressed by the methods and
systems discussed below.

SUMMARY OF THE INVENTION

According to one aspect, the present invention 1s directed
to an automatic portioning system to portion workpieces,
which may have various thicknesses, into a weight-specific
uniform shape, such as 1nto portions having both a specific
weilght and a specific shape, and which thus may be of varying,
two-dimensional areas, or sizes (widthxlength), depending
on the varying thickness of each workpiece. In various exem-
plary embodiments, this 1s achieved by scaling up or down a
template having a specific shape on the workpiece until the
desired weight 1s achieved. The scaled up/down template then
becomes the cutting path for the workpiece. In some applica-
tions, the weight and shape requirements may be relaxed and
the workpieces may be cut into portions having approximate
weilght and shape within user-specified ranges.

According to another aspect of the present invention, the
automatic portioning system may portion workpieces into
approximate weight and shape, and further within a user-
specified range of area, or sizes (widthxlength).

According to yet another aspect of the present invention,
the automatic portioning system may portion workpieces 1nto
s1ze-speciiic shape, such as portions having a specific size (or
s1ze range) and a specific shape (or shape range), and thus
may be of a varying weight depending on the varying thick-
ness of each workpiece.

In any of the various embodiments of the present method
summarized above, workpieces are cut ito portions, each
having a specific or approximate shape as predefined by the
user, while also satistying one or more other parameters. In
other words, the present invention achueves completely auto-
matic “shape” cutting. Although the methods are of particular
use 1n the context of cutting or portioning foodstuils in the
tood products industries, and are described herein relative to
such application, their use i1s not limited to this particular
application.

According to a further aspect of the present invention, a
method of portioning products mvolves not only portioning,
workpieces according to shape and one or more other param-
eters and/or specifications, but also ensuring that the resulting
product has desirable characteristics that are not directly con-
trolled by the portioning process. For example, the method
simulates portioning a workpiece to a specific shape and
weight A or to the same specific shape and weight B. The
method then calculates the size (widthxlength) and/or thick-
ness of the piece resulting from cutting to the specific shape
and weight A, or to the specific shape and weight B, respec-
tively. I the resulting size and/or thickness of the piece por-
tioned to the specific shape and weight A 1s acceptable, then
the workpiece 1s cut to weight A. IT not, 1t 1s determined 11 the
resulting si1ze and/or thickness of the piece portioned to the
specific shape and weight B 1s acceptable, and 11 so, the
workpiece 1s cut to weight B. IT either cutting to weight A or
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weight B will not produce an acceptable size and/or thick-
ness, then no solution exists and no cutting will be performed.

According to a further aspect of the present invention, the
step of simulating portioning of the workpiece according to
one or more directly controlled characteristics and calculat-
ing the one or more indirectly controlled characteristics of the
one or more final pieces to be portioned 1s repeated for mul-
tiple combinations of the one or more directly controlled
characteristics. Each such combination 1s rated based on how
closely the combination achieves the desired one or more
directly controlled characteristics and/or the one or more
indirectly controlled characteristics. In this regard, one or
more algorithms are used to select potentially acceptable one
or more directly controlled characteristics until an acceptable
level of one or more directly controlled characteristics and
one or more indirectly controlled characteristics are deter-
mined.

In another aspect of the present invention, each combina-
tion 1s rated according to an optimization function as applied
to one or more of the one or more directly controlled and/or
indirectly controlled characteristics, with the optimization
rating of the one or more directly controlled and/or indirectly
controlled characteristics related to the deviation of the one or
more directly controlled and/or indirectly controlled charac-
teristics from an 1deal characteristic level.

In a further aspect of the present mvention, a weighting
factor can be imposed on the one or more directly controlled
and/or indirectly controlled characteristics.

According to a still further aspect, the present ivention
permits a user to define the desired (reference) shape into
which the workpieces are to be portioned, by simply scanning
in the actual desired shape using the portioning system’s
vision system. Further, the user 1s allowed to edit the scanned-
in shape 1n digital data form 1n order to define a refined shape
template to be used 1n all further processing. To this end, the
user can interrupt the normal operation of the automatic por-
tioning system at any time to scan in and edit the desired
shape. The desired shape 1s stored in computer memory and
subsequently used to control the downstream cutting/portion-
ing equipment of the portioning system to cut the workpieces
into the desired shape.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this imnvention will become more readily appreciated
by reference to the following detailed description, when taken
in conjunction with the accompanying drawings, wherein:

FIG. 1A illustrates a system suitable for use 1n performing
a method of the present mvention, wherein the system 1is
operated in Normal Production Mode to process (and portion)
workpieces (WP);

FIG. 1B 1llustrates the system of FIG. 1A, which 1s oper-
ated 1n Shape Scanner Mode to scan 1n a user-provided ret-
erence shape (RS);

FIG. 2 1s a flow chart 1llustrating the overall process for
portioning workpieces 1nto pieces having a specific shape
while also meeting any other user-defined parameters/speci-
fications, 1n accordance with one embodiment of the present
invention;

FIG. 3 1s a flow chart illustrating the routine performed
during Normal Production Mode of the system, in which
workpieces are portioned to a specific shape and weight;

FIG. 4 1s a flow chart illustrating the routine performed
during Normal Production Mode of the system, wherein
workpieces are portioned into a specific shape, weight, and
S1Z¢€;
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FIGS. 5A and 3B illustrate two cut pieces having the same
shape and weight, but having different sizes (weightxlength)

due to the difterences in thickness:

FIGS. 6A and 6B illustrate two cut pieces, wherein the
shape of at least one of the pieces has been manipulated 1n a
controlled manner so that the resulting pieces have the same
welght and size, and also have generally similar shapes;

FIG. 7 1llustrates a buttertly-shaped chicken breast work-
piece, from which two halfl heart-shaped pieces are to be
portioned;

FIG. 8A 1s a sample screen shot, displayed on a monitor of
the portioning system according to one embodiment of the
present invention, defining a shape cutting path 1n a connect-
the-dots model;

FIG. 8B 1s a sample screen shot of a shape cutting path,
which has been modified from that shown 1 FIG. 8A, by
including a notch 1nto the shape of FIG. 8A;

FIG. 9 1s a flow chart illustrating the routine to be per-
tormed during Shape Scanner Mode, which 1s a special case
of Shape Input Mode;

FIG. 10 1s a tlow chart illustrating a routine for evaluating,
the effects of cutting to certain specifications on the final
product characteristics, which are not directly controlled by
the portioning process, prior to performing an actual cut,
according to a further aspect of the present invention;

FIG. 11 1s a flow chart illustrating a routine for evaluating
the effects on indirectly controlled parameters or specifica-
tions ol a workpiece based on selected directly controlled
parameters or specifications prior to performing an actual cut,
according to another aspect of the present invention;

FI1G. 12 illustrates a graphical user interface that may be
employed with the systems and methods of the present inven-
tion, including that illustrated in FIG. 11; and

FI1G. 13 1s a schematic view of a workpiece from a regular
s1ze end piece and collection of smaller end pieces (consid-
ered as a collection defining a second portion) to be portioned
from the workpiece.

(Ll

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENTS

With respect to the terminology used 1n the present appli-
cation, for the mostpart, the word “parameter” 1s used to refer
to a physical characteristic or feature such as length, width,
thickness, weight or color. Also for the most part, the word
“specification” refers to a particular parameter value or range,
such as a length of between 110 and 120 mm, a weight that 1s
no more than 30 grams, or the color blue. Also, 1n accordance
with the present application, a specific instance of a parameter
will have a value; the value may or may not lie within a
particular specification. In spite of the foregoing, 1t 1s within
the scope of the present application to mntermingle the use of
the term parameter with the use of the term specification. For
example, 11 the word specification 1s being utilized, this word
should be interpreted broadly enough to also encompass the
word parameter, and vice-versa. Also, 1n the present applica-
tion, the word “characteristic” shall be a generic term that
refers to “parameter” and/or “specification.”

Also, as 1s apparent 1n the present application, the term
“portion” (as dertved from a workpiece) has the same mean-
ing as the terms “piece” or “final piece” or “portioned piece.”

FIG. 1A schematically 1llustrates a system 10 suitable for
implementing one embodiment of the present invention. The
system 10 includes a conveyor 12 for carrying a workpiece 14
to be portioned thereon, a scanner 16 for scanning the work-
piece 14, and a cutter 18 for portioning the workpiece (WP)
14 1nto one or more pieces. The conveyor 12, scanner 16, and
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cutter 18 are coupled to, and controlled by, a processor 20.
Generally, the scanner 16 scans i the workpiece 14 to pro-
duce scanning information representative ol the workpiece,
and forwards the scanning information to the processor 20.
The processor 20 analyzes the scanning information to cal-
culate an optimal cut path to portion the workpiece 14 into
one or more desirable pieces. Then, the processor 20 controls
the cutter 18 to portion the workpiece 14 according to the
calculated cut path. As 1llustrated, the processor includes an
input device 20a (keyboard, mouse, etc.) and an output device
206 (monitor, printer, etc.). The present invention 1s directed
generally to a system and method for cutting workpieces to a
particular or approximate shape, while considering one or
more other parameters (e.g., weight, length, width, height,
etc.).

Describing the foregoing in more detail, the scanning sys-
tem may be of a variety of different types, including a video
camera (as discussed above) to view a workpiece 14 1llumi-
nated by one or more light sources. In licu of a video camera,
the scanner 16 may utilize an X-ray apparatus (not shown) for
determining the physical characteristics of the workpiece,
including its shape, mass, and weight. X-rays may be passed
through the object in the direction of an X-ray detector (not
shown). Such X-rays are attenuated by the workpiece in pro-
portion to the mass thereof. The X-ray detector 1s capable of
measuring the intensity of the X-rays recetved thereby, after
passing through the workpiece. This information 1s utilized to
determine the overall shape and size of the workpiece 14, as
well as the mass thereof. An example of such an X-ray scan-
ning device 1s disclosed in U.S. Pat. No. 3,585,603, incorpo-
rated by reference herein. The foregoing scanning systems
are known 1n the art and, thus, are not novel per se. However,
the use of these scanning systems 1 conjunction with the
other aspects of the described embodiments are believed to be
new.

The data and information measured/gathered by the scan-
ning device(s) 1s transmitted to processor 20, which records
the location of the workpiece on the conveyor 12 as well as the
shape, length, width, thickness, size, outer perimeter, area,
weight (typically by using a predicted density of the work-
piece) and other parameters/specifications of the workpiece.
Processor 20 can be used to determine and record these
parameters/specifications with respect to the workpiece as 1t
ex1sts on the conveyor 12 as well as determine these param-
cters/specifications for the workpiece or for portions cut from
the workpiece aiter further processing or after completion of
processing. For example, 11 the workpiece 14 1s 1n the form of
a raw chicken breast, fish fillet, or similar workpiece, proces-
sor 20 can be used to determine the size, shape, length, width,
thickness, area, outer perimeter, and weight of the workpiece,
or portions thereof, after cooking, whether such cooking 1s by
steaming, {rying, baking, roasting, grilling, boiling, etc. Typi-
cally, such shrinkage 1s nonsymmetrical and not easily quan-
tifiable but 1s capable of being modeled, especially with the
use of a computer processor. Such model(s) and data relative
thereto may be stored 1n the memory portion of the processor
20. Such model(s) and data can be employed to characterize
the workpiece, or portions thereof, after subsequent one or
more processing steps.

A memory 1s utilized 1n conjunction with the processing
unit 20. As noted above, data concerning the desired work-
piece, or portion parameters/specifications, as well as the
elfect on workpieces and/or portions of further processing,
may be stored in the memory. The information stored in
memory canreadily be selected by user via user interface 295,
for example, when changing product lines. For instance, the
user may be processing chicken breasts for a particular cus-
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tomer who may require specifications for the portions to be
cut from the chicken breasts. When the order for that cus-
tomer 1s filled, the user may switch the mode of the computer
to meet the specifications of a different customer. The switch
may be automated and triggered by a counter that keeps track
of the number of product portions that have been processed,
or the switch may be carried out manually to allow the user
time to retool any apparatus or recalibrate the equipment.

In various exemplary embodiments, the portioning system
10 1s capable of operating in generally two modes: Normal
Production Mode and Shape Input Mode. Brefly, during
Shape Input Mode, a user 1s prompted to input and perhaps
turther edit a reference shape (template) to which workpieces
are to be portioned. During Normal Production Mode, the
portioning system automatically portions workpieces carried
on a conveyor into pieces corresponding to the reference
shape.

FIG. 2 1s a flow chart 1llustrating the overall process for
portioning workpieces into a specific shape and one or more
user-defined parameters and/or specifications, according to
one embodiment of the present invention. In step 23, the
portioning system 10 1s operating in Normal Production
Mode. Some examples of routines to be performed 1n Normal
Production Mode will be described in reference to FIGS. 3
and 4 below. In step 24, it 1s determined whether a user has
requested to enter Shape Input Mode. For example, referring,
additionally to FIG. 1A, the user may request to enter Shape
Input Mode by using any suitable mput device 20a, for
example, by clicking on a “Shape Input Mode™ icon displayed
on the monitor 205. I1 such a request 1s recerved, then pro-
ceeding to step 25, the system 10 prompts the user to mput
(and perhaps also to edit) a reference shape, into which work-
pieces are to be portioned. For example, referring to FIG. 7,
suppose that butterfly-shaped chicken breast workpiece 70 1s
to be portioned to produce one or two half heart-shaped pieces
72. The user may mput the reference shape (the half-heart
shape 1n this example) in various ways. For example, the
system 10 may prestore several standard shapes, from which
the user can select one as an initial template. Referring to FIG.
8 A, suppose that the shape shown 1n a window 80 was pre-
stored 1n the system 10 and selected by the user. At this point,
a shape 1input/edit screen 82 shows the outline of the selected
shape 1n the window 80 1n a connect-the-dots model. The
main screen 84 lists the X and Y coordinates of forty-eight
(48) points that define the outline of the selected shape. Spe-
cifically, listed numbers 1-48 each has a pair of numbers,
which show the X and Y coordinates of each point that forms
the outline of the template shape shown 1in the window 80. The
first point, which 1s point O at the lower leit corner of the
shape shown 1n the window 80, has the X and Y coordinates
of (0,0).

At this point, the user may edit the connect-the-dots model
in various ways. For example, the user may select the “move
this point™ 1con 83 on the screen, and select a point, which will
then be highlighted (see, for example, point 7 highlighted in
the example of FIG. 8A). At this point, the user may use any
of the arrow keys provided 1n any standard keyboard device
20a to move the selected point 1n X-Y space. For example,
pressing the right arrow once will move the point to the +X
direction by a certain increment, while pressing the up arrow
once will move the point 1n the +Y direction by a certain
increment.

Alternatively, referring to FIG. 8B, the user may select the
X orY value of the point the user wishes to edit, and then type
in the new value directly into the list. For example, in FI1G. 8B,
the user may select the X andY values of points 20, 21, and 22
by, for example, highlighting a section 85 on the screen, and
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then directly enter the new X and Y values to the list. As the
user enters the new values, the shape outlined in the window
80 changes to correspond with the new X and Y values of
these points. Once all the editing 1s completed and the user 1s
satisfied with the final shape, the user may select a “save this
shape” 1con 86 on the screen to save the reference shape nto
the system memory.

While the above description describes a method of imput-
ting a shape by editing an existing shape selected from a
collection of prestored templates, 1t 1s also possible to create
a new shape “from scratch,” for example, by defining the X
and Y coordinate values of all the points (e.g., points 1-48 1n
FIGS. 8A and 8B). This process may be preceded by the user
plotting out a desirable shape on graph paper to ascertain X
and Y values of the key points of the shape.

Further alternatively, according to one aspect of the present
invention, a reference shape may be simply scanned 1nto the
system using the system’s scanner 16. The method of scan-

ning a reference shape for the purpose of creating a template
will be more fully described below 1n reference to FIG. 9.

In one embodiment, the user-defined shapes may be stored
(for example, up to 10 shapes) 1n the system memory so that
the user can later recall any of the previously defined shapes.

Referring back to FIG. 2, after the reference shape has been
entered, edited, and saved by the user, 1n step 26, the user may
be further prompted to accent certain points or regions within
the reference shape. The user-specified accent points will be
used to slightly modity the reference shape (e.g., by moving
in or out the accent points) when the shape requirement 1s not
stringent, as will be more fully described below. Then, 1n step
277, the user 1s prompted to enter weight and/or other param-
eters ol the final piece to be portioned from the workpiece. For
example, the user may specily the maximum and minimum
weilght values for the final piece, and/or the maximum and
minimum values for the length, width, and/or height (or thick-
ness) of the final piece to be portioned from the workpiece. IT
the user wishes to portion workpieces 1nto an exact weight,
the user may set both the maximum and minimum weight
values the same. Likewise, 11 any of the length, width, and
height of the final product has to be at an exact value, the
maximum and minimum values for that dimension may be set
the same.

In step 28, the user 1s further prompted to set horizontal and
vertical offsets to be used 1n cutting a workpiece. The concept
of offset 1s described 1n detail 1n FIG. 7. In this case, from the
butterfly-shaped chicken breast piece 70, two hall heart-
shaped pieces 72 are to be portioned. The chicken breast 70
has the keel 73 running along 1ts center, which most users
typically wish to exclude from the final products. Therefore,
the user may set a Y-oifset value (“Yoi1”), which 1s a distance
in the Y direction from a keel line 74 to the cutting starting
point O of the half heart-shape 72, so as to avoid the keel 73.
The keel line 74 for each product can be readily ascertained
by the processor 20 evaluating the image obtained by scan-
ning the workpiece 70. The user may also define an offset in
the X direction (“Xoil”), which represents the distance from
the trailing edge of the workpiece 70 to the cutting starting
point O of the half heart-shape 72, assuming that the work-
piece 70 1s on a conveyor moving 1n the direction of an arrow
76. The user may define any desirable X and Y offsets, so as
to avoid any undesirable areas 1n each cutting application.

Referring again back to FIG. 2, 1n step 29, 1t 1s determined
if the user has requested to return to Normal Production
Mode. IT so, the process returns to step 23 and the system
starts to operate 1n Normal Production Mode. Otherwise, the
system remains 1 Shape Input Mode, and the user continues
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to input and/or edit the reference shape (step 25) and/or define
various parameters and offsets (steps 26-28).

According to one aspect, the present invention 1s directed
to an automatic portioning system to portion workpieces into
a weight-specific uniform shape, such as 1into portions having
both specific (e.g., uniform) weight (or weight range) and a
specific (e.g., uniform) shape (or shape range), and therefore
may be of varying sizes depending on the varying thickness of
cach workpiece. This concept 1s schematically 1llustrated 1n
FIGS. SA and 5B. In these figures, both pieces 50 and 52 have
the same heart shape and also have the same weight; however,
because the thickness (height) of the piece 50 1s greater than
that of the piece 52, the size (widthxlength) of the piece 50 1s
smaller than that of the piece 52. The thickness (height) of
cach workpiece, which may vary amongst multiple work-
pieces and also within a workpiece 1tsell, 1s ascertained based
on scanning, as described in the background section of the
present invention above. In some cases, the thickness of
workpieces may be predefined or known prior to their intro-
duction 1nto a system of the present invention. Further, the
weight of the original workpiece, as well as the weight of each
piece to be portioned from the workpiece, 1s calculated based
on the volume, as ascertained from scanning, as multiplied by
the density of the workpiece. The density may be predefined
for each type of workpiece, and further may be updated based
on the suitable feedback system. For example, referring to
FIG. 1A, aweighing station 22 may be provided downstream
from the cutter 18 to actually weigh the pieces (not shown 1n
FIG. 1A) portioned from the original workpiece 14. The
processor 20 compares the actual weight of the portioned
piece with an assumed weight of the piece as previously
calculated based on its volume and assumed density, and 1f the
two values differ by more than a predefined amount, auto-
matically updates the assumed density so as to more closely
correspond with the actual weight measured at the weighing
station 22.

FIG. 3 1s a flow chart illustrating a routine performed
during Normal Production Mode, 1n which workpieces are to
be portioned to a specific shape (or shape range) and weight
(or weight range). In step 30, the user requests to enter Nor-
mal Production Mode to cut workpieces to shape and weight.
Typically, the system 10 operates in Normal Production
Mode by default, but entry into Normal Production Mode
may be specified by the user, for example, after the user
completes the operation 1n Shape Input Mode. Then, 1n Nor-
mal Production Mode, for each scanned workpiece (step 32),
the processor 20 identifies a cutting starting point (see point O
in FIG. 7) based on the user-defined offsets. As described
above, the processor 20 can analyze the image of each incom-
ing workpiece scanned in by the scanner 16 to identily the
keel or any other landmark points, from which the cutting
starting point 1s to be offset.

In step 34, the system automatically adjusts a template of
the reference shape, previously specified by the user, until the
predefined weight 1s achieved. For example, the template can
be scaled up or down, depending on the varying thickness of
cach workpiece, 1n order to achieve uniform weight. This can
be accomplished by, for example, proportionately varying the
X andY dimensions of the reference shape on the scanned-in
workpiece (whose thickness and density information 1s
known or ascertained) until the desired weight 1s calculated,
while considering any user-defined oflsets and also option-
ally avoiding undesirable product features such as keel, car-
tilage, defects, bone, and visible fat in the case of chicken and
other meat. Alternatively, 11 the user has previously specified
that the final product has to have a specific length, then the
shape can be scaled up or down only 1n the width direction (1n
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the Y direction in FIG. 7) without any change 1n the X direc-
tion, or if the user has previously specified that the final
product has to have a certain width, then the template shape
can be scaled up or down only 1n the length direction (in the
X direction) without any change 1n the Y direction.

Further alternatively, the user may specity the amount and/
or type of change allowed to the “ratio” between the length
and width (e.g., Length/Width) so as to control the automatic
adjustment process of a template shape. For example, the user
may define that the “Length/Width™ ratio may be increased
from the ratio L/W of the original template shape, then the
shape will be automatically stretched in the “L” direction
disproportionately to any change made in the “W” direction
so that the ratio L1/W1 of the resulting shape 1s greater than
L/W. As another example, the user may define that the
“Length/Width” ratio may be decreased from L/W of the
original template shape, then the shape will be squashed inthe
“L” direction disproportionately to any change made 1n the
“W” direction so that the ratio L2/ W2 of the resulting shape 1s
less than L/W. These types of automatic shape adjustments
result in a shape that 1s somewhat disproportionately modified
from the original template shape but that still meets a pre-
defined weight requirement.

In some applications, the weight requirements may be
relaxed and the workpieces may be cut into portions having
approximate weight within a user-specified range. Likewise,
the length and/or width requirements may also be relaxed
depending on each application.

In step 36, the processor 20 controls the cutter 18 to cut the
workpiece according to the cutting path determined 1n step 34
above. Then, optionally 1n step 37, each cut piece may be
weilghed, for example, at the weighing station 22 in FIG. 1A,
to see 11 1t meets the user-specified weight (or weight range),
and 11 not, the system alerts the user and/or modifies the
weilght-calculation algorithm used by the system, for
example, by updating the assumed density of the workpiece.

In some cases, a user desires a workpiece to be cut into only
approximate shapes having both uniform weight and uniform
s1ze (widthxlength, measured along the plane of the con-
veyor) In these cases, the automatic portioning system of the
present invention may permit a user to accent certain points or
regions of the desired shape, and these user-specified points
and regions are moved 1n and out (as opposed to the entire
outline of the shape) until the desired weight 1s achieved,
while also meeting the size requirement and keeping the
shape generally the same as the original shape. FIGS. 6 A and
6B schematically illustrate this concept, in which both por-
tions 60 and 61 have the same weight (or weight range) and
the same size (or size range) as defined by WxL (widthx
length). Suppose that the shape of the portion 60 1s the origi-
nal desirable shape, with an accent point 64 defined by the
user. Suppose also that the portion 61 1s thicker than the
portion 60, as shown, and thus, to meet the same weight and
s1ze (widthxlength) requirements as the portion 60, 1t 1s nec-
essary to somewhat modify the shape of the portion 61. As
illustrated, this can be achieved by moving the accent point 64
in, so as to reduce the shape surface area of the portion 61
while maintaining the shape generally similar to the original
shape. This adjustment method 1s suitable when the require-
ments for the weight and size are rather stringent, while the
requirements for the shape are somewhat more relaxed.

FIG. 4 1s a flow chart illustrating the routine performed
during Normal Production Mode to cut workpieces 1nto size,
weilght, and “approximate” shape (the shape 1s allowed to
vary somewhat), as described above in reference to FIGS. 6 A
and 6B (step 40). In step 41, the height of a slitter (not shown)
1s set to correspond to the height specification defined by the
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user, 1f any. In step 43, for each scanned workpiece (step 42),
a cutting starting point to portion out a piece from the work-
piece 1s 1dentified based on the user-defined offsets. In step
44, a template of the reference shape, previously entered by
the user, 1s adjusted by moving in or out any user-specified
accent point(s) or region(s) until the predefined weight (or
welght range) 1s achieved, while also considering any size
related parameters (e.g., length, width, etc.). As before, the
adjustment process may be carried out while considering the
user defined offsets and avoiding any undesirable product
teatures such as keel, cartilage, defects, bone, visible fat, etc.
In step 43, the system then operates the cutter 18 to execute
the portioning based on the adjusted template. In step 46, as
before, the actual cut piece may be weighed to verity 1t it
meets the user-specified weight, for example, by using the
welghing station 22 in FIG. 1A. If the cut piece does not meet
the user-specified weight, the user may be notified of the fact,
and further, the system may modily its weight-calculation
algorithm, for example by correcting the assumed density of
the type of workpieces. The use of accent points or regions
permits the user to control and constrain any changes that may
be allowed to the desired shape.

FIGS. 3 and 4 above describe exemplary uses of the system
for portioning workpieces to shape and weight, or to shape,
weight, and size, respectively. Various alternative uses of the
present system are possible, as will be apparent to one skilled
in the art. For example, 1n one embodiment, the system of the
present invention may be used to cut workpieces into a spe-
cific shape and size, regardless of weight, while optionally
avolding undesirable materal, such as keel, defects, and vis-
ible fat. Further alternatively or additionally, the system may
be used to cut remaining trim from the portioning process 1nto
turther desired products, such as strips and nuggets. In any of
the various embodiments, workpieces are cut into portions
having a specific or approximate shape, while also meeting,
one or more other parameters/specifications as defined by the
user.

FIG. 9 1s a flow chart illustrating the routine to be per-
tormed during Shape Scanner Mode, which 1s a special case
of Shape Input Mode. Therefore, the flow chart of FIG. 9
generally replaces steps 24 and 25 of FIG. 2. In step 90, using
any suitable user interface, the user requests to enter Shape
Scanner Mode. (For example, by selecting the “Shape Scan-
ner Mode” on-screen button on the monitor 205 of the sys-
tem.) In step 91, the user 1s prompted to place a reference
shape, made of any suitable material, onto an infeed belt of
the system. The reference shape may be an actual product cut
by scissors by the user, or may be a template shape cut out
from cardboard, or made of clay, Play-Doh®, etc. Referring
to FIG. 1B, once the user places the reference shape RS onto
the conveyor, the scanner 16 scans 1n the reference shape (see
step 92 of FIG. 9). Still referring to FIG. 9, 1n step 93, the
system notifies the user that the reference shape has been
scanned 1n and 1s ready to be edited or used for cutting. In step
94, 1t 1s determined whether the user has requested to edit the
reference shape. If so, proceeding to step 95, the system
permits the user to edit the reference shape, as previously
described 1n reference to FIGS. 8 A and 8B, above. Then, in
step 96, upon user confirmation, the reference shape 1s saved
into the system memory. Once the reference shape 1s saved, 1n
various exemplary embodiments, the system instantly returns
to Normal Operation Mode to use the saved reference shape
in all subsequent cutting operations.

As will be apparent from FIG. 2, the user can interrupt the
normal operation of the automatic portioning system 10 any-
time to scan 1n and edit the desired shape template. The
desired shape 1s stored into memory and will be used to
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control the downstream cutting/portioning equipment of the
portioning system to cut the workpieces into the desired
shape. In step 95 of FIG. 9, as before, the user may accent
certain points or regions within the scanned-in shape for the
purpose of controlling any changes allowed to the reference
shape.

Accordingly, the present invention offers various methods
and systems for automatically portioning workpieces into a
certain or approximate shape, while also satisifying one or
more other parameters defined by the user, such as weight and
s1ze. The final determination of the shape to be cut from each
workpiece 1s further constrained by user-set values such as
position offsets and avoidance areas (e.g., keel, bone, fat,
etc.). Thus, 1n accordance with the present invention, a com-
pletely automatic shape cutting 1s possible, and turther can be
optimized, to provide for efficient cutting.

Referring to another aspect of the present mvention, in
order to economically produce portions of a workpiece, it 1s
necessary to convert most of the incoming workpiece into
acceptable portions. Starting with the problem of cutting one
portion from each workpiece, from the foregoing description,
consider a “cookie cutter” of a given shape, which has the
ability to zoom 1n and out, thereby to increase or decrease the
s1ze of the cut portion of the workpiece to achieve desired
weilght range. In addition, as discussed above, consider that
the aspectratio (length/width) can vary as well. In viewing the
workpiece to be portioned, the “cookie cutter” could be posi-
tioned on the workpiece 1n various locations along two dis-
placement axes, as well as about a rotational axis. If the
“cookie cutter” 1s placed over a thin area of the workpiece, 1t
will be necessary to “zoom out” to a larger size in order to
achieve the desired weight. If the “cookie cutter” 1s placed
over a narrow area ol the workpiece, 1t will be necessary to
make the shape longer and narrower to fit. In order to cut the
proper weight of the workpiece while avoiding defects—1at,
cartilage, too thick areas, and too thin areas—i1t may be nec-
essary to alter the aspect ratio, 2-axes position, and angle, all
at the same time.

When trying to best fit or place the desired shape of a
portion on a workpiece, as noted above, 1t can be useful to
actually have the shape of the desired end portion extend off
the edge of the workpiece in one or more areas. The shape of
a cut portion will thus differ from the desired 1deal shape to
the extent that the cut shape extends past the edge of the
workpiece. In some cases, a slight compromise on shape in
this regard may provide the best acceptable overall solution.
This deviation 1n shape can be quantified by several different
methods.

It will often be the case that the incoming workpiece 1s
large enough that more than one acceptable portion can be cut
from it. More value to the processor will thus be provided than
always only cutting one portion from the workpiece. As men-
tioned above, the placement of a desired end portion shape on
a workpiece can be extended to the placement of two portions
as well, although this 1s a more complex problem.

Most processors employ more than one parameter of an
acceptable end portion. It 1s possible to consider more than
one parameter (shape, size, weight, thickness, etc.) of an end
portion while analyzing each incoming workpiece, and to
select the end portion that 1s most valuable 1n some respect. It
1s also possible when placing multiple desired end portions on
one mcoming workpiece to have different parameters consid-
ered for each of the multiple end portions.

Also, as noted above, some types of workpieces, such as
boneless chicken breast “buttertlies,” are essentially two
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similar pieces separated by a line of symmetry. In this case,
cach half can be treated essentially as an independent work-
piece.

The decision process in determining where to locate
desired portions on a workpiece can be thought of 1n terms of
directly controlled parameters (and specifications) and indi-
rectly controlled parameters (and specifications). For
example, 1n algebra, Y 1s said to be a function of X or Y=F(X).
The directly controlled parameters (specifications) are the
independent variables, such as “X.” The indirectly controlled
parameters (specifications) are the dependent variables, such
as “Y,” and result from the mput of the directly controlled
parameters (specifications). In the context of the present
invention, directly controlled parameters (specifications) rep-
resent actions that occur when the workpiece 1s processed,
¢.g., portioned. Having made cuts (or simulated the cuts) of
the workpiece, the resulting portions have properties that
constitute the indirectly controlled parameters (specifica-
tions).

In accordance with the present mvention, 1t 1s possible to
consider the effect of meeting (or controlling) user-specified
directly controlled parameters (specifications) and other
resulting parameters (specifications) that are not directly con-
trolled, prior to cutting. Specifically, the present invention
turther offers methods that may be used when a workpiece 1s
being processed by cutting, trimming, slicing, etc., and 1t 1s
desired that the resulting cut, trimmed, sliced, or otherwise
processed product has particular characteristics not directly
controlled by the cutting, trimming, slicing, or other process.

Examples of directly controlled parameters and specifica-
tions include:

1. Portion specification(s):

Shape of the piece or portion;

Zoom range (size) of shape 1 one dimension of the two-

dimensional shape of the piece or portion;

Zoom range (size) ol shape in the other dimension of the

two-dimensional shape of the piece or portion;

Zoom range 1 two dimensions (size) simultaneously (en-

large or decrease size of shape of the piece or portion).

2. Positioning (location) of portion to be achieved from
workpiece:

Cross belt (X direction) range of the shape of the piece or

portion relative to some references;

Down belt (Y direction) range of the shape of the piece or

portion relative to some references;

Angular ornientation range of the shape of the piece or

portion relative to some references.

3. Number of pieces or portions to be achieved from the
workpiece.

4. Angle of water jet cutter nozzles.

As noted above, the portioning and/or trimming of a work-
piece can be carried out by using high-speed liquid water jet
cutters. While most cutting with high-speed water jet cutters
1s carried out with the cutters in a vertical orientation and thus
disposed normally or transversely to the workpiece, it 1s pos-
sible to use the high-speed water jet cutters that are set at a
fixed angle from vertical, or actively control the angles of the
cutters from vertical. If the angle of the water jet cutter 1s
actively controlled, then such angle would be one of the
user-controlled parameters.

Examples of indirectly controlled parameters and specifi-
cations (properties of the portions where cutting, slicing,
trimming, etc., has been simulated):

1. Weight of the piece or portion.

2. Shape conformance of the cut, trim, slice, central por-
tion, including any natural edges.

3. Average thickness of the piece or portion.
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4. Maximum or peak thickness of the piece or portion.

5. Roughness or flatness, as in variability of thickness of
the piece or portion.

6. Length of the piece or portion.

7. Width of the piece or portion.

8. S1ze (length and/or width of the piece or portion

9. Plan-view area of the piece or portion.

10. Amount of fat 1n the piece or portion.

11. Program errors.

12. Down-belt cutter travel required.

13. Holes, tears, concavity, etc., in the piece or portion

It 1s to be understood that some of these examples of
indirectly controlled parameters can also be utilized as
directly controlled parameters, such as, for example, weight,
s1ze, length, and/or width.

In many applications where a combination of two or more
characteristics (or parameters/specifications) of the finished
product are sought (e.g., shape, weight, size, length, width,
etc.), 1t may be that one or more of these characteristics are
directly controllable, and others are indirect results of the
cutting, trimming, slicing, etc., process. For example, 1n trim-
ming of chicken breasts, the shape and weight of the resulting
trimmed piece may be directly controllable, as described
above 1n reference to FIG. 3, but the thickness of the resulting
piece may not be directly controlled, and thus may vary
among multiple final products.

According to a further aspect of the present invention,
where one or more characteristics cannot be directly con-
trolled and yet are the results of controlling the directly con-
trollable characteristics, the directly controllable characteris-
tics are selected so as to optimize the indirectly-controlled
characteristics. Specifically, 1n circumstances where more
than one option exists for values of the directly controllable
characteristics, and where a simulation can be performed to
assess the resulting indirectly-controlled characteristics prior
to actually performing the cutting operations, then it 1s pos-
sible to achieve target values or ranges for all characteristics.
The present mvention provides a method of accomplishing
this, where the indirectly-controlled characteristics are mea-
sured and classified into one of several categories.

In the example of portioning chicken breasts, let the first
step 1n the process be to capture a three-dimensional image of
the chicken breast using the scanner 16 connected to the
processor 20, as described above. The processor 20 will then
have stored 1n 1ts memory a 3D model of the chicken breast
that can subsequently be used to simulate the effects of vari-
ous cut patterns.

Assume that one set of acceptable target shape and weight
1s designated as SW1 and a second set as SW2, and one
acceptable thickness range 1s designated as T1 and a second
as 12. Assume also that the following three combinations of
shape and weight requirements and thickness ranges are
acceptable 1n the finished cut product.

SW1+11
SW1+172

SW2+172

According to one example, the method proceeds as fol-

lows:

First, using the 3D model 1n processor memory, the effects
of cutting to shape and weight requirements SW1 are
simulated.

Second, using the new product boundary resulting from the
simulated cuts according to SW1, and referring again to
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the 3D model, the thickness statistics (average thick-
ness, for example) within the boundary are calculated.
Third, 1 the thickness as simulated 1s within the limits of
range 11 or T2, then appropriate signals are generated to
actually perform the simulated cut pattern and classity/
sort the resulting cut product into a category correspond-
ing to either SW1+T1 or SW1+12, as appropnate.
Fourth, 1f the simulated thickness does not fall within either
range T1 or T2, using the 3D model, the effects of cutting
the workpiece according to the shape and weight
requirements SW2 are simulated, and the thickness
within the resulting boundary 1s evaluated and compared
to the allowable limits (for SW2 only range 12 1s accept-
able). I the evaluated thickness 1s within the range,

signals are 1ssued to perform the simulated cut pattern
according to SW2+T12.

Fifth, 11 neither cutting to requirements SW1 nor SW2
results 1n a product within the acceptable thickness
range(s), then no solution exists.

In the above example, rather than using discrete values for

a target shape and weight, a range of values can be used for
these characteristics and the above process used to seek an
optimum solution within these value ranges.

FIG. 10 1s a flow chart illustrating a general process of
evaluating what effects cutting a workpiece according to cer-
tain parameters/specifications will have on the cut piece’s
other characteristics, which are not directly controlled by the
cutting process, to ensure that the final piece will have desir-
able indirectly-controlled characteristics. In step 100, a user
requests to cut workpieces by directly controlling certain
parameters (€.g., shape, weight, position, angular orientation,
number of portions to be obtained from the work product,
etc.) so that they fall within one of multiple acceptable cat-
egories, such as by ensuring that one of multiple specification
requirements DS1, DS2, . .. or DSn 1s met. Further, the user
requests that the pieces cut to the specification requirements
DS1, DS2, . . . or DSn need to have one or more resulting
indirectly-controlled characteristic(s) (e.g., thickness,
weight, shape, conformance, etc.), IS1, IS2, . . . or ISn.

Then, for each scanned workpiece (block 102), 1n block
104, cutting the workpiece according to one or more of the
directly-controlled specifications (DS1, DS2, . .. or DSn) 1s
simulated, and the resulting indirectly-controlled specifica-
tion(s) 1s calculated. For example, cutting according to the
specification DS1 1s simulated, and the indirectly-controlled
specification (e.g., thickness) resulting from cutting to the
specification DS1 1s calculated. If an acceptable combination
of DS1, DS2,...orDSnand IS1,IS2, .. .orISn1s found, then
the acceptable combination may be selected as the combina-
tion according to which the subsequent cut is to be performed.
Various methods for selecting one combination are possible.
For example, as with the previous example, it 1s possible to
continue the simulation and calculation process until the first
acceptable combination 1s found.

Alternatively, a value function (or its negative/opposite, a
cost function) may be used to rank multiple alternative solu-
tions. (Value and/or cost functions are also retferred to herein
as optimization functions.) According to this variation, cut-
ting to the multiple specification requirements (DSI1,
DS2, . . . or DSn, mn this example) 1s simulated, and the
resulting indirectly-controlled specification(s) (e.g., thick-
ness) are calculated for each simulation and compared to the
acceptable indirectly-controlled specification(s) (IS1,
IS2, ... orISn). If multiple acceptable combinations exist, a
suitable value function 1s used to select the most preferable
combination.
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After the acceptable, optimal combination of DSI,
DS2, ... or DSn and IS1, IS2, . . . or ISn 1s found, then
proceeding to step 106, the portioning system 1s used to
perform an actual cut according to the selected combination
of the directly-controlled and indirectly-controlled specifica-
tions.

As a further aspect of the present invention, each of the
characteristics, 1.e., parameters/specifications, both direct
and indirect, can potentially have an acceptable range rather
than just a single acceptable value. It 1s possible to define a
“cost” function that has a value of zero at the center of each
range of each specification, with an increasing “cost” as the
simulated values of the parameters deviate from the center of
the specification range. Further, a weighting factor can be
applied to the “cost” from each of the parameters. Finally, the
“weighted costs” are combined, such as by addition, to give a
“total cost.” Thus, for each combination of the directly con-
trolled characteristic and resulting indirectly controlled char-
acteristic, there 1s a single “total cost” amount associated with
the stmulated cutting/trimming/slicing, etc., result. It 1s to be
understood that the term “cost” as used herein refers to the
negative or opposite of the word “value” discussed above.
These terms are related 1n the sense that with respect to a
particular specification, an increase in the “cost” corresponds
to a decrease 1n the “value.”

The cost function defimition could take almost any form,
including one-sided definitions where the characteristic can
never be above or below a threshold, and the target (zero cost)
value 1s something other than the middle of a range. An
example of this exists from packaged grocery goods where 1t
1s legally required that a container not contain less than the
labeled amount. However, 1t 1s clearly 1n the interest of the
product producer to be as close as possible to the labeled
amount.

Examples of three cost functions that can be used include:

1. The cost increases with deviation from the range maid-
point, and continues increasing for parameter values beyond
the range;

2. The cost increases from a deviation from the range
midpoint, with “hard” limits (for example, large step function
cost increase) at the range limats;

3. There 1s no cost associated with values within the range,
with “hard” limaits at the range limaits

The “total cost” number 1s used with a multi-dimensional
optimization technique, such as the “Gradient Descent” mini-
mization algorithm, to find an optimal choice of directly
controlled parameters/specifications. Within a limited num-
ber of steps or iterations, it 1s possible to find the optimal
solution without having to consider all of the perhaps thou-
sands of potential combinations of directly controlled param-
cter values. Examples of non-linear algorithms similar to
Gradient Descent include the Gauss-Newton method, the
BFGS method, and the Levenberg-Marquardt method. Other
algorithms or analysis methods that may be utilized 1n this
regard 1nclude, for example Nelder-Mead method, differen-
tial evolutions methods, genetic algorithms, and particle
swarm optimization. Of course, 1n the range of interest, linear
algorithms and analysis techniques can be used to arrive at an
optimum choice of directly controlled parameters

It 15 to be understood that 1n the above description of
identifying optimum directly-controlled and/or indirectly-
controlled parameters and specifications, a cost function
analysis has been utilized. However, 1t 1s to be understood that
the negative or opposite concept of a value function could be
utilized instead. In this case, a multi-dimensional maximiza-




US 9,128,810 Bl

17

tion technique or algorithm would be utilized to arnive at
optimal directly and/or indirectly controlled parameters/
specifications.

There can be dependencies between the parameters that
can be exploited to simplity the solution methods. An
example of this 1s aspect ratio, length and width, each being a
parameter despite their obvious dependence. The user may
only need to specity length and width ranges, with the aspect
ratio being “worked out” 1n the software.

There are instances 1 which parameters are chosen as
directly controlled parameters. Two examples are set forth
below. To simplify the present discussion, the examples
include only one portion to be derived from a workpiece and
only one parameter/specification for the portion.

As a first example, the primary method 1s to start with a
specified shape and as directly controlled parameters zoom 1n
or out 1n one dimension, such as width, zoom 1n or out 1n a
second dimension, such as length, move the shape across the
workpiece, move the shape lengthwise of the workpiece, and
rotate the shape to various angles. Even though weight 1s one
of the main parameters that may be targeted, this analysis
allows weight to be an indirectly controlled parameter, which
depends on various degrees of zooming and moving about the
workpiece to locate an acceptable thickness for the portion.
This 1s considered to be an efficient analysis method.

An alternative methodology 1s to begin with a specified
shape and, as directly controlled parameters, utilize weight,
aspect ratio (ratio of length over width), movement of the
shape up and down the length of the workpiece, movement of
the shape across the width of the workpiece, and rotation of
the shape to various angles. In the background, 1n a separate
algorithm, the zoom (enlargement or reduction) on the shape
1s adjusted, until a specified weight or weight range 1is
achieved. In this alternative method, “zoom” 1s then an indi-
rectly controlled parameter.

FI1G. 11 1s a flow chartillustrating one example of a process
or method for determiming how to cut a workpiece according
to one or more directly controlled characteristics (parameters
or specifications) to achieve desired one or more indirectly
controlled characteristics (parameters or specifications) of
the resulting portioned piece. Although the example pertains
to cutting a workpiece, other processes may be applied to the
workpiece, either 1n conjunction with cutting or 1n lieu of
cutting, such as trimming the workpiece, slicing the work-
piece, or performing one or more other operations on the
workpiece.

In step 150, a user requests to cut the workpieces by
directly controlling certain characteristics (parameters or
specifications), for example, shape, shape range, position of
the portion on the workpiece, or number of portions to be
derived from the workpiece, so that the resulting portions
meet the characteristic (parameter/specification)
requirement(s) or the characteristic ranges DC,, DC,, . . .
and/or DC, are met.

In the process, 1 step 152, the user mputs one or more
directly controlled characteristics DC,, DC,, ... DC .

Next i step 154, the user inputs one or more resulting
indirectly-controlled characteristics I1C,, IC, . .. IC  (param-
eters or specifications) to be met by the portions that meet the
characteristic requirements of DC,, DC,, . . . and/or DC, .

Next at step 156, the user inputs acceptable ranges of
values for the directly controlled characteristics (parameters
or specifications) DC,, DC,, . . . and/or DC, . As discussed
below, this can be performed using a graphical user interface,
for example, as shown 1n FIG. 12. This example varies from
the example above 1n that 1n the present example, specifica-
tion ranges are specified by the parameter being utilized.
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Nonetheless, it 1s to be understood that a specific value can be
specified for one or more of the parameters being utilized.

Next 1n step 158, acceptable values or ranges for the one or
more indirectly controlled characteristics I1C,, 1C, . . . IC,
(parameters or specifications) are inputted. Again, this can be
accomplished by using the graphical user interface of FIG.
12.

Next 1n step 160, optimization functions can be assigned to
one or more of the directly controlled and/or indirectly con-
trolled characteristics (parameters or specifications). As dis-
cussed above, the optimization function can be 1n the form of
a cost function. The cost function can have a value of zero at
the center of the range of each specification, with an increas-
ing cost as the simulated value of the parameter 1n question
deviates from the center of the specification range. Also, as
discussed above, the cost function definition can take many
other forms, including one-sided “definitions” where param-
eters can never be above or below a threshold value, and the
target (zero cost) value 1s other than at the middle of a range.

Next at step 162, a weighting factor can be assigned to one
or more of the costs of a parameter, thereby to establish that
some cost factors are more important or less important than
other cost factors. The weighing of a cost factor can also be
inputted by utilizing the graphical user interface 1llustrated 1in
FIG. 12.

Then for the scanned workpiece (block 164), 1n block 166,
simulating the cutting of the workpiece occurs according to
the one or more directly-controlled characteristics (param-
eters or specifications) (DC,, DC,, . . . and/or DC, ), and the
resulting indirectly-controlled characteristics IC,, IC, ... IC
(parameters or specifications) are calculated or determined
using, for example, processor 20. For example, cutting
according to characteristic DC, 1s simulated and the indi-
rectly-controlled parameter IC (e.g., weight) resulting from
the cutting to the characteristic DC, 1s calculated. This may be
carried out by seeking to minimize the “total cost” of the
resulting portion using a multi-dimensional minimization
technique. In this manner, a minimum cost or an acceptable
cost can be achieved, typically after a discrete number of
calculation 1terations. This eliminates the need to perform
calculations for every possible acceptable directly-controlled
characteristic(s) DC,, DC,, .. . and/or DC, .

After an acceptable and/or optimal combination of directly
controlled parameters and specifications and/or indirectly
controlled parameters and specifications 1s arrived at, then, at
step 168, the portioning system 1s used to perform cutting
according to the selected combination for the directly-con-
trolled and  indirectly  controlled  parameter(s)/
specification(s).

As discussed above, optimization functions (cost value
functions) can be assigned to one or more of the directly
controlled and/or indirectly controlled characteristics (pa-
rameters or specifications) to achieve certain desired end
results, for example to obtain the highest yield from the work-
piece 1n terms of utilization of the workpiece. Other end goals
may nclude portioning the workpiece to obtain the highest
value from the workpiece. In this regard, certain final pieces
portioned from the workpiece may be more valuable than
others. For example, cutting a section of the workpiece into a
sandwich portion may be more valuable than cutting the same
section of the workpiece into nuggets or strips. Another goal
might be to fulfill a customer’s order. For example, a cus-
tomer may have ordered a certain number of sandwich por-
tions, a certain number of strip portions, and a certain number
of nugget portions. As such, the optimization functions that
are applied to the directly controlled and/or indirectly con-
trolled characteristics may be designed with this in mind
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Moreover, under the present invention, it 1s possible to
simultaneously run multiple optimization function analyses
on the workpiece when seeking desired end results. Based on
such analyses, 1t may be that characteristics of the most desir-
able of the various analyses results will be chosen, or perhaps
the characteristics corresponding to the first analysis that
results in an acceptable solution may be chosen as the strategy
for portioning the workpiece. As another alternative, the char-
acteristics that result 1n the larger number of end pieces of
desired characteristics or that provides a desired set of final
pieces that meet the desired characteristics might be chosen.

The portioning method and system of the present disclo-
sure also may be operated with a plurality of optimization
function analyses running at the same time on the workpiece,
to simply meet the directly and indirectly-controlled param-
cters. For example, one analysis may be seeking to position
two final portions per workpiece, and 11 an acceptable solu-
tion with respect to the final pieces 1s not achueved, then the
workpiece may be analyzed for positioming one final piece on
the workpiece. An alternative analysis may be attempting to
place two 65 gram final pieces on the workpiece or two 1035
gram final portions on the workpiece. Perhaps the two 65
gram portions would result in a low yield (resulting in sig-
nificant trim or waste), and the 105 gram portions may result
in a high yield or perhaps the two 105 gram portions would
not {it on the workpiece. Thus, different sets of specifications
are being applied to the workpiece at the same time using
different optimization functions.

FI1G. 12 shows a portion of a graphical user intertace (GUI)
170 that may be used 1n conjunction with the present inven-
tion. In the GUI of FIG. 12, the column of parameters 172
extending down the left side of the GUI (weight, length,
width, angle, etc.) are parameters (mostly indirectly con-
trolled) that contribute to the cost function. By repeatedly
pushing the touch screen buttons, such as weight 174, the
weilght value toggles through having a padlock symbol, such
as 176 on button 174, no symbol 178 on button 180, or color
an “X”” symbol 182 on pink colored button 184, which corre-
spond to the different cost function descriptions noted earlier.
The no symbol 178 on button 180 corresponds to the first cost
function described above, the padlock symbol 176 on button
174 corresponds to the second function described above, and
the “X” 182 on pink colored button 184 corresponds to the
third cost function described above.

The columns 1n FIG. 12 labeled “low” 186 and “high™ 188
contain user-settable values of the minimum and maximum
value per product specifications of the end products. The
horizontal lines 192A through 192H, each with a triangular
shape disposed thereon, show a short-term average value of
recent settings so that the user can visualize the process of the
present mvention that 1s occurring. The actual values being,
achieved, as well as the set range for the parameters and the
welghting coellicients, can be retained by the processor being,
utilized, for example, processor 20, and displayed to the user
using a GUI on, for example, output device 205 or other
display, such as a tablet (not shown). This data can be shown
in list format or 1n various graphical formats that show the
distribution of that data over time or over recent work prod-
ucts. Also, statistical analysis of the data can be carried out
and displayed. Such statistical information might include, for
example, mean, medium, and standard deviation values. Such
information can be analyzed and displayed to show how well
the desired parameters and specifications are being met as
well as what trade-oils are taking place to arrive at the final
pieces portioned from the work product. It will be appreciated
that the foregoing information would be very valuable to have
available during the portioning of work products, including 1f
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the value, range, and/or importance of one or more directly
controlled and/or indirectly controlled parameters are
changed.

The rectangularly-shaped sliders 168 located under the
“Importance” header 194 let the user adjust the weighting
coellicients in the optimization function for individual
parameters. The system of the present invention seeks to keep
the specifications within bounds, particularly for the param-
cters that are given the greater importance. However, algo-
rithms cannot “create” iput portions that do not exist given
the parameters and specifications specified. Thus, for
example, 11 the thickness of the workpiece 1s too thin through-
out the entire workpiece such that within the length and width
limaits 1t 1s not possible to achieve the desired weight, some
other solution will have to be sought.

In the example of FIG. 12, the Weight parameter 1s set to be
near the center of the range (see 192A), but the Length and
Width parameters (see 192B and 192C) are above the center
of their ranges because the workpiece 1s too thin. The Weight
value 1s closer to the center of the range than the Length and
Width values because Weight was given a greater importance.
The shape that 1s being zoomed and moved about the work-
piece 1s specified 1n another part of a GUI.

In FIG. 12, specific parameters may be considered 1n por-
tioning a workpiece. Not all of these parameters need be
considered 1n each instance that workpieces are being por-
tioned. Also, other sets of parameters may be used 1n con-
junction with a portioning system or machine. Also, 1t 1s
anticipated that the system operator will set the specification
ranges 1 columns 186 and 180 as well as the weighing level
(Importance) column 194. Moreover, these settings may be
changed quite often, for example, to adjust for changes in the
physical attributes or types of workpieces being processed.

In some situations, such as end portions to be placed 1n a
“family pack” of retail meat packages, there 1s little desire for
close weight control of the portions. In such an instance, the
weilght setting along the “Importance line” may be moved all
the way to the left, and some other parameter’s importance
moved up the scale (to the right).

Another situation with a different need for weight control 1s
when an adaptive slicer follows a portioner. In that situation,
the portioner computer plans for having the slicer bring the
weight to the correct level so that the importance of the
Length and Width parameters would increase and the Weight
simply needs to be greater than or equal to the desired final
weight.

The disclosure of the present application also includes
being able to automatically “tune” the weighting coetlicients
or parameters. As noted above, the weighting coelficients are
usetul 1n both seeking to “center” parameters within a speci-
fication range as well as optimizing or seeking to make the
best choices when all of the characteristics (specifications)
cannot be met. In essence, the automatic tuning function
secks to make the analysis process of the present disclosure
function as best as possible in relationship to the specification
ranges that have been denominated 1n light of the physical
properties of the workpieces to be portioned. In the automatic
tuning process, the actual results from portioning work prod-
uct becomes the function that 1s seeking to be optimized.

In the automatic tuning process, the only user or human
inputs are the ranges for the desired specifications. The
present method and system seeks to “best center” the chosen
specifications within the selected ranges, and to mimimize the
variations of the specifications 1 light of the actual work-
pieces being portioned. Since during the portioning process
there 1s not the opportunity to actually manually bias a speci-
fication range based on the physical characteristics of the
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work product, if a particular specification 1s particularly
important, the operator/user typically will narrow the speci-
fication range for the characteristic in question.

In overall strategy, the automatic tuning system automati-
cally adjusts the importance ratings 1n an effort to seek to
mimmize the normalized error 1n all of the selected specifi-
cations (parameters) together over the population of the
actual workpiece being portioned. If, for example, the work-
piece simply physically cannot achieve the center point of a
particular specification, the automatic tuning system seeks to
mimmize the total error of all of the parameters by adjusting,
the importance rating of the particular specification in ques-
tion to accommodate the fact that the workpiece cannot meet
this specification, or cannot meet the center point of this
specification.

Many different algorithms can be utilized to achieve auto-
matic tuming. For example one such algorithm focuses on
using the same cost minimization algorithm that 1s used for
locating final pieces on the workpiece. The cost 1n this
instance 1s related to the deviation of the last certain number
of workpieces from the centers of the desired specifications.
The minimization algorithm adjusts the importance ratings
(directly controlled characteristics) that minimizes a cost
function. This cost function takes all of the parameters, nor-
malized to the specification ranges selected, for each of the
workpieces and assigns a cost as a function of the distance
from the center of the normalized specification range that 1s
achieved Inmitially, specification ranges may be either manu-
ally mnput or simply set at the middle of the desired range.
Because of variability of workpieces, the cost functions are
evaluated as an average of at least several, and perhaps up to
for example 50 workpieces. Thus, automatic tuning is often a
somewhat deliberate process.

With respect to automatic tuning, 1f, in utilizing the present
disclosure, fairly small final pieces are to be placed on a fairly
large workpiece, and the thickness of the workpiece 1s com-
patible with the desired specification ranges for length, width,
and weight of the final pieces, then there 1s not much need for
automatic tuning of the weighting characteristics. The chosen
algorithm for positioning the final pieces on the workpiece
likely will be successtiul. However, as larger and larger final
pieces are attempted to be positioned on smaller and smaller
workpieces so as to achieve less waste or less trim, then
achieving the center of all of the desired specifications
becomes more difficult. It 1s this situation 1n which automatic
tuning of importance or weighing parameters can be of assis-
tance. Also, automatic tuning can accommodate for varia-
tions 1n the workpiece that occur over time as well as varia-
tions of workpieces due to originating from different sources.

The above discussion has noted several complexities that
can exist 1 using the present system and method 1n actual
production situations. Applicants note that the extent of the
complexities existing in production situations can vary
widely. Some of the common production situations 1n terms
of portions derived from a single workpiece (or “double”
workpiece consisting of two or more sections defined by a
physical parameter of the workpiece, such as a chicken breast
butterfly divided by the breast keel include, for example:

1. One portion derived from a workpiece or workpiece
section using one specification.

2. One portion derived from a workpiece or workpiece
section using more than one specification.

3. Two portions dertved from a workpiece or workpiece
section, each with the same specification.

4. A combination of the three options above, depending on
the options that are dertvable from the incoming workpiece or
workpiece section.
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5. One normal sized portion derived from the workpiece or
workpiece section, plus numerous small portions (for
example, nuggets or strips) that utilize most of the remaining
workpiece. The multiple small portions can be viewed as a
set, rather than individual small portions.

6. Two portions of two different specifications derived
from a workpiece or workpiece section with specified general
locations for each portion so that production personnel can
identify which portion corresponds to which location.

7. Two portions using two or more different specifications
derived from the workpiece or workpiece section with the
portions obtained from the workpiece or workpiece section at
whatever locations best meet the parameters/specifications.

In the forgoing the reference to “‘specification(s)” also
includes one or more overall specification(s), which of course
may consist of several sub-specifications or parameters, such
as length, width, size, thickness, weight, efc.

It will be understood that the foregoing are examples only
and that other production situations are possible and can be
accommodated utilizing the present invention. Also, 1t1sto be
understood that references to “workpieces™ 1n the present
application, including 1n the claims, may also refer to sections
ol a workpiece that are defined by physical features, or oth-
erwise, of the workpiece

In addition to the parameters and specifications noted
above, there are other parameters and specifications that
could be utilized 1n conjunction with the present system and
method. For example, if the production situation consists of
two or more portions derived from a single workpiece, there
are specific requirements that may be desirable. One such
requirement would be to locate the portions on the workpiece
so that most of the trimming required of the workpiece occurs
at one location. In this situation, perhaps the two or more
portions would be located toward one end of the workpiece.
Another potential specific requirement may be maximizing
the thickness of the trim from the workpiece for later use in
other purposes.

Another strategy for dertving two or more portions from a
workpiece includes utilizing initial or “seed’ locations for the
two or more portions at specific locations on the workpiece.
For example, when two portions are to be derived from a
workpiece, the portions can be “seeded” at locations at oppo-
site ends of the workpiece. Therealter a first step of the pro-
duction methodology or algorithm can be applied to one
potential end portion, then the same step applied to the second
potential end portion using a completely separate “run” of the
algorithm. This alternating process can be continued until
optimum locations for the potential end portions are found. If
at some point in the process the two potential end portions
overlap each other, when the cost minimization algorithm 1s
carried out, a very high “cost” penalty could be assessed for
such “crossing.” The concept of this strategy 1s to have two
independent mimimization processes occurring at the same
time, with the only interdependence being a cost penalty for
“crossing’ of the potential end portions.

A varniation of the foregoing methodology 1s to simply
double the number of directly controlled parameters/specifi-
cations to include lateral and longitudinal positions, rota-
tional position, and two zoom directions (length and width)
for both of the potential end portions. In this situation, a single
algorithm can be used to mimmize a cost function that
includes the costs components from both end portions
together and the directly controlled parameters/specifications
include the ones from both end portions. Initial assumptions
about the directly controlled parameters/specifications (posi-
tion, angle and two-dimensional zoom) for each of two end
portions) 1n a workpiece are made. The cost function 1s evalu-
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ated based upon both directly controlled and indirectly con-
trolled parameters/specifications. The mimimization algo-
rithm then suggests new values for the directly controlled
parameters/specifications. The cost function 1s evaluated and
the minimization algorithm suggests further improvements to
the directly controlled parameters/specifications. This pro-
cess continues until some threshold of convergence or maxi-
mum number of steps (part of the algorithm) 1s achieved. In
sum, for the two end portions, one combined set of directly
controlled parameters/specifications are used which position
and zoom the two end pieces, and one cost function evaluates
the combined attributes of the two end portions. Also, the one
algorithm determines what values of the directly controlled
parameters/specifications are to be tried next in the analysis
process until an acceptable solution 1s reached. Of course,
other directly controlled parameters/specifications in addi-
tion to or in lieu of those mentioned above can be used 1n this
feature or aspect of the present method and system.

As alluded to above and as shown 1n FIG. 13, a potential
strategy for seeking one normal size portion 200 plus many
small portions 202 from a workpiece 204 1s to treat the small
portions (for example, nuggets or strips) as a collection con-
stituting a second portion 206. A second separate algorithm 1s
utilized to divide this second portion 206 into individual
nuggets or strips 202. The individual small portions 202 can
be simple rectangular shapes or of more complex shape—ior
example, a shape having a curved or non-linear side that
borders against the adjacent portion or even automatically
nests against the adjacent portion, thereby conforming to the
adjacent portion. This strategy could provide a maximum
amount of work product for use as nuggets or strips as well as
mimmizing the amount of cutting required to produce the
nuggets and/or strips.

A vaniation of the foregoing potential strategy 1s to define a
composite larger portion on a workpiece that consists of two
portions adjacent, butted or nested together wherein the shape
objectives of both portions are achieved. There could be some
tolerance or variation at the interface of the two shapes where,
for example, the shapes can slide somewhat relative to each
other or be angled or rotated somewhat relative to each other.

Referring back to portioning strategies for the combination
of a first “normal” size portion and a second portion com-
posed of a collection of small portions, the present invention
can also be utilized to locate, on the workpiece, the best
locations for a normal-sized portion and the collection of
small portions 1n the form of, for example, nuggets or strips.
Not infrequently, the workpiece 1s of varying thickness, per-
haps thicker 1n one section and then transitioming to being
thinner in another section of the workpiece. For example, in a
poultry breast, the shoulder portion 1s typically quite thick,
and thus well utilized for nuggets, while being too thick for
patties or sandwich portions. However, the tail end of the
breast 1s typically relatively thin, and thus, well utilized for
patties or sandwich portions, but too thin for ideal nuggets.
Thus, as shown 1n FIG. 13, 1t 1s desirable to define optimum
locations for the normal sized portion 200, as well as for the
second portion 206 consisting of a collection of nuggets or
other small final pieces 202 on workpiece 204.

The thickness of the workpiece and the variation or change
therein can initially be determined by scanning With this
information to define, at least initially, locations for the nor-

mal portion 200 and for the nugget collection region 206,
constraints or additional conditions can be utilized for such
initial selection. The constraints can be 1n the form of a cost
function, wherein the costs associated with excessive thick-
ness of the normal sized portion would be high, and the costs
associated with an excess of thinness for the nugget region
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would be high. These constraint functions can be used 1ni-
tially to place the normal sized portion 200 and the nugget
region 206 on the workpiece 204 so that they are located at
about the proper locations. The final locations of the normal
s1zed portion and the nugget region can be determined by an
optimization algorithm used to minimize the cost functions
associated with placement of the normal sized portion 200
and the nugget collection region 206 on the workpiece 204.
As apractical matter, 1t would be difficult for the optimization
algorithm utilized to allow the location of the normal sized
portion 200 on the workpiece 204 to be reversed with the
location of the nugget collection region.

The foregoing description has discussed strategies for
locating, on a workpiece, a region that 1s optimum for a
collection of small portions, for example, nuggets or strips
(hereinafter “nuggets™). The preset invention can also be uti-
lized to optimally position or lay out a grid of nuggets on the
workpiece, whether at a location on part of the workpiece or
on the entire workpiece. In this regard, an mnitial nugget grid
can be laid out on the workpiece approximately to the correct
s1ze to achieve the desired weight and aspect ratio or other
shape criteria. The nuggets do not necessarily have to be
rectangular in shape, but can be of other shapes, for example,
square, triangular, round, etc. A cost function can be applied
to the nuggets based on meeting the desired size, weight,
aspect ratio, or other criteria applied to the nuggets. With this
cost function, the coordinates of the grid intersections of the
nuggets can be varied as the independent variable, or “directly
controlled parameters.” The cost function 1s designed to
increase cost as mdividual nuggets of the grid are out of
specification. The cost function can be designed to monitor
both the total cost of the collection of nuggets, and the cost
associated with each nugget. Successive optimization deter-
minations can be made by movement of the grid pattern about
the workpiece. After each optimization calculation, the high-
est cost nugget or nuggets can be 1dentified and eliminated
prior to the next optimization. Such highest cost nugget or
nuggets will be located along the outside of the grid pattern.
This typically would reduce the number of grid intersections
and sharpen the focus on the remaining potential nuggets.
Also, the convergence criteria for each of the optimization
iterations could be relaxed somewhat to reduce the processing
time for each optimization calculation. Once all of the nug-
gets 1n the grid are within a desired cost structure, optimiza-
tion 1s completed, and the nuggets can be cut. Also, any part
of the workpiece that 1s not to be used as nuggets can be cut 1in
a way that1s easy for either personnel or machinery to identity
such trim portions of the workpiece as not being a nugget, so
as to eliminate the likelihood that such trim portions will be
mixed with good nuggets.

In the foregoing methodology for optimizing the location
of nuggets on a workpiece, rather than moving the entire grid
pattern as a unit, the boundary points of individual nuggets
could be moved, thereby for each such nugget investigated,
determining 1ts aspect ratio, shape conformance and weight,
and other desired specifications, either sequentially or simul-
taneously. In this technmique, the nuggets of the grid pattern
can vary with respect to other nuggets 1n size, shape, aspect
ratio, weight, etc.

As a further aspect of the present disclosure, the method-
ology described above can be utilized to 1dentily one or more
parameter values that represent physical attributes or features
of a workpiece which, in turn, can be employed to better
characterize or model the specific workpiece. For example,
with respect to the example of poultry (chicken) breast but-
tertly, as noted above, such workpieces include a keel, such as

keel 73 of poultry breast 70, shown 1n FIG. 7. The keel 73 runs




US 9,128,810 Bl

25

along the center of the poultry breast, and most users typically
wish to exclude the keel from the final cut portions. Knowing
the location of the keel on the poultry breast 1s helptul to know
where the chicken breast can be cut to eliminate the keel.
Moreover, the location of the keel helps to define or charac-
terize the position and angular orientation of the chicken
breast, for example, on the conveyor 12, shown in FIG. 1A.

Various techniques can be utilized to locate the keel of the
poultry breast. One such techmque 1involves locating a line of
best symmetry in the poultry breast. In this regard, many
analysis techniques defimtions of symmetry can be
employed, including, for example, mass distribution, of the
breast halves matching the reflectivity of the poultry breast
halves as determined during scanning, or minimizing the
deviation of the outlines of the outer perimeters of the two
sides of the poultry breast. Moreover, 1t 1s possible to consider
the symmetry between the two sides of the poultry breast with
some distortion, due to poultry breast meat being quite tlex-
ible, and thus perhaps not laying flat on the conveyor on both
sides of the keel 73. For example, the scanning and other
techniques discussed above can be used to detect folding or
bunching of the breast meat that might change or distort the
shape and size of the breast at one or both sides of the breast.
In addition, it 1s also possible to consider the symmetry
between the two sides of the poultry breast with some asym-
metry due to the shape of the breast keel. Although breast keel
72 1s 1llustrated 1n FIG. 7 as being substantially symmetrical
about centerline 74, not uncommonly one end, or at least one
section, of a poultry breast keel may be shifted laterally rela-
tive to the remainder of the breast keel. The scanning and
analysis techmiques of the present disclosure can be used to
detect and characterize as well as accommodate “distortion™
or other distortions or anomalies of the breast keel.

In addition to employing the “line of best symmetry” in
locating the keel of the poultry breast, other physical
attributes of the chicken breast might also be considered. For
example, the outline of the poultry breast might be deter-
mined at a specific thickness or height above the conveyor
belt. Alternatively, the poultry breast might be sheared along,
the determined keel line 74, and then the two sides of the
poultry breast shifted relative to each other along the keel line
a small distance (for example, a few millimeters). The result-
ing configuration could then be analyzed to see the effect on
the line of best symmetry techmique. This can help to evaluate
if 1n fact the imitially determined keel line 1s accurate.

A Turther technique for identifying the keel of the poultry
breast involves finding a “best fit” of the keel “valley” 1n the
geometry of the poultry breast being analyzed. Typically 1n a
poultry breast, the location of the keel 1s along a valley or
trough extending along the keel. This valley or trough can be
utilized as an independent parameter 1n the method of the
present invention. One technique for locating the keel valley
1s described 1 U.S. Pat. No. 7,452,266 (“the 266 patent’),
which 1s 1ncorporated herein by reference. However, 1n the
"266 patent, the endeavor 1s to locate a depression 1n a height
map of the workpiece to coincide with additional indicators of
keel location, such as the principal axis of the workpiece or
alignment of the valley with the neck notch of the breast. In
the present application, on the other hand, the goal 1s to try to
find a location on a workpiece where a depression of a certain
shape {its the best 1n seeking to optimize an optimization
function.

In order to use the shape or location of the keel of a poultry
(chicken) breast as an independent parameter, the processor
20 and scanner 16 are employed to locate and physically
characterize the keel on the workpiece. This keel identifica-
tion process occurs following scanning. In addition, the rest
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of the portioning process, including determining where to
place portions, as well as trimming the workpiece, would
follow. Once the keel 1s 1dentified, the coordinates of the

workpiece, mnitially determined by the scanning process, may
be transformed based on more accurate information or data
obtained from the keel 1dentification process. In short, locat-
ing parameter values that represent the physical attribute or
teature of the keel can help to better determine or 1dentify the
location, position, orientation, etc., of the workpiece, as well
as the location and configuration of typical features of the
workpiece, for example, the position and orientation (forward

and/or backward) on the belt 12 of the neck notch. This

information can be used to better determine how and where to
cut, trim, slice, or otherwise process the workpiece. With this
information, reference points on the workpiece can be estab-
lished that can be used for portioning the workpiece. This 1s
explained above with respect to the cutting starting point <O

in FIG. 7.

As noted above, 1dentifying the keel and knowing its over-
all length and width may make possible the ability to directly
infer other characteristics of the butterfly workpiece. For
example, the rib meat of the poultry, which is the transition to
dark meat with some attached fat, typically will be at the
extreme distance from either side of the keel. This informa-
tion helps to determine where fat that might need to be
trimmed 1s located. In addition, most of the rest of the fat that
requires trimming will be located along the edge of the rib
meat, perhaps all the way to the tail.

Moreover, 1f locating the fat 1s important, knowing the
foregoing likely positions of the fat on the poultry buttertly, 1t
1s possible to be more certain that the material which appears
as fat in scanning 1s actually fat, and can be trimmed away
with some confidence. Often the appearance of fat on a meat
workpiece can be quite dark, especially 11 stained by blood.
Moreover, the appearance of meat can be quite light, espe-
cially 1f scalded during removal of poultry feathers. As a
consequence, frequently there 1s uncertainty about what 1s fat
and what 1s meat on poultry workpieces. Knowing the loca-
tion of the keel can reduce this uncertainty.

In addition, most customers do not desire to have the keel
included 1n the portioned end pieces, since the keel contains
cartilage and fat. Once the location of the keel 1s known, a
high cost factor can be applied to any portion that crosses into
the keel.

Moreover, the foregoing information could enable a sim-
plified mathematical model of the, for example, butterfly
workpiece to be created that could characterize a wide range
of individual butterfly workpieces, 1n a manner similar to how
a skilled sidewalk artist can create recognizable faces by
moditying just a few key facial characteristics 1n otherwise
very similar drawings. The mput parameters of this math-
ematical model could be used as directly controlled specifi-
cations. In this case, the user can utilize the identified keel to
limit the range of characteristics that need be considered 1n
determining how to portion, trim, or otherwise process the
workpiece.

The foregoing discussion focuses on physical attributes of
the keel of a poultry breast. Of course, the present disclosure
may be utilized with many other physical attributes, such as
fat, bone, cartilage, tendons, tears in the workpiece, holes 1n
the workpiece, edges of the workpiece, etc. Moreover, the
optimizer function(s) can be used to avoid the above physical
attributes when placing the final piece(s) on the workpiece,
for example, the cost function can be defined to increase or
slope significantly or even dramatically upward when the
proposed location(s) of the final piece(s) on the workpiece 1s
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moved to any of the above undesirable situations. This wall
cause the present analysis to seek another location(s) for the
final piece(s).

The foregoing methodology can be used with other types of
workpieces, such as fish, steaks, rack of ribs, etc. Of course,
cach of these other types of workpieces would be defined with
different mathematical models. Nonetheless, most meats,
fish, poultry, or other types of workpieces have features that
are a function of the species of the workpiece and/or a func-
tion of the upstream processing of the workpiece, such as the
deboning of poultry or fish. To the extent that the foregoing
techniques can be used to create simplified models of these
workpieces and then fit individual portions to be cut to the
simplified models, more mtelligent decisions can be made as
to how and where to cut, trim, or otherwise process a work-
piece. For example, the process can be used to i1dentily the
location of a bone to miss during cutting or trimming, or the
location of a tendon, so as to slow the speed of the cutter
passing over the tendon. Also, this process can be used to
reduce the typical ambiguity in trimming fat, since the present
technique can be used to 1dentily the anatomical location of
the attached fat to be removed, as opposed to perhaps simply
a scrap of fat that happens to be lying loosely on top of the
workpiece. In essence, the present technique can be used to
augment scanning techniques currently utilized, as described
above.

While the preferred embodiments of the invention have
been illustrated and described, it will be appreciated that
various changes can be made therein without departing from
the spirit and scope of the invention. In this regard, the steps
of the methods described herein can be carried out 1n
sequences other than specified. Also, one or more of the
specified steps can be deleted or modified from that described
herein. Also, other modifications can be made to the methods
described herein.

The embodiments of the invention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A method of automatically portioning a food workpiece

into one or more final pieces, comprising;

(a) designating target values or ranges of target values of
one or more directly-controlled physical characteristics
of the one or more final pieces;

(b) designating one or more indirectly-controlled physical
characteristics that result from the application to the
food workpiece of the one or more directly-controlled
physical characteristics of the one or more final pieces to
be portioned from each food workpiece;

(¢) scanning the food workpiece to obtain scanning infor-
mation;

(d) simulating portioning the food workpiece according to
one or more directly-controlled physical characteristics
of the one or more final pieces;

(¢) calculating the values or ranges of values of the one or
more indirectly-controlled physical characteristics of
the one or more final pieces to be portioned resulting
from applying the one or more directly-controlled physi-
cal characteristics to the scanned food workpiece;

(1) repeating the simulating of the portioning of the food
workpiece for multiple combinations of the one or more
directly-controlled physical characteristics, and rating
cach combination based on how closely the combination
achieves the desired target values or range of target
values of the one or more directly-controlled physical
characteristics and/or the target values or range of target
values of the resulting one or more indirectly-controlled
physical characteristics;
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(g) using one or more algorithms to select potentially
acceptable one or more directly-controlled physical
characteristics until an acceptable combination of one or
more directly-controlled physical characteristics and
one or more indirectly-controlled physical characteris-
tics resulting from applying the one or more directly-
controlled physical characteristics to the food workpiece
are determined;

(h) wherein each potential combination from steps (d) and
(1) 1s rated according to an optimization algorithm as
applied to one or more of the one or more directly-
controlled and/or indirectly-controlled physical charac-
teristics, with the optimization rating of the one or more
directly-controlled and/or indirectly-controlled physical
characteristics related to the deviation of the one or more
directly-controlled and/or indirectly-controlled physical
characteristics from an 1deal physical characteristic tar-
get value or range of target values;

(1) wherein said optimization algorithm functions to select
an acceptable combination of one or more directly-con-
trolled physical characteristics and/or one or more 1ndi-
rectly-controlled physical characteristics within a lim-
ited number of iterations without having to consider all
possible combinations of target values of or ranges of
target values of one or more directly-controlled physical
characteristics and the target values or ranges of target
values of one or more indirectly-controlled physical
characteristics that result from applying the one or more
directly-controlled physical characteristics to the food
workpiece; and

(1) portioning the workpiece according to the combination
of physical characteristics as determined 1n steps (h) and
(1) above.

2. The method of claim 1, wherein:

a weighting factor 1s applied to one or more directly-con-
trolled and/or indirectly-controlled physical character-
1stics; and

the weighting factor 1s automatically adjusted based on one
or more selected algorithm(s) to maximize the optimi-
zation rating of the one or more directly-controlled and/
or indirectly-controlled physical characteristics.

3. The method of claim 1, wherein a plurality of optimiza-
tion functions are applied to one or more of the one or more
directly-controlled and/or indirectly-controlled physical
characteristics.

4. The method of claim 3, wherein the plurality of optimi-
zation functions are simultaneously applied to one or more of
the directly-controlled and/or indirectly-controlled physical
characteristics.

5. The method of claim 1, wherein the optimization func-
tion chosen for use on a workpiece 1s selected from the group
consisting of:

the most desirable or i1deal result:

the first result that provides an acceptable combination;
and

the result that provides the greatest number of final pieces
of specific directly-controlled and/or indirectly-con-
trolled physical characteristics.

6. The method of claim 1, wherein the one or more directly-
controlled physical characteristics are selected from the
group of physical characteristics consisting of:

the shape of the one or more end pieces to be portioned
from the food workpiece;

the size of the one or more end pieces to be portioned from
the food workpiece;

the location on the workpiece that the one or more end
pieces are to be portioned from the food workpiece;
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positioning on the workpiece the one or more end pieces to
be portioned from the food workpiece;

the number of end pieces to be portioned from the food
workpiece;

the weight of the one or more end pieces to be portioned
from the food workpiece;

the angle of cutters used to portion the food workpiece; and
the shape of one or more physical attribute(s) or feature(s)
of the food workpiece.
7. The method according to claim 1, wherein:
a plurality of end pieces are to be portioned from the food
workpiece; and
the directly-controlled physical characteristic comprises
positioning on the food workpieces one or more end
pieces to be portioned from the food workpiece, said
positioning selected from the group consisting of:
applying an optimization algorithm to each of the end
pieces until optimum locations for the end pieces are
located on the food workpiece; and

locating the plurality of end pieces as a single composite
portion on the food workpiece, with the end pieces
bordering each other.

8. The method of claim 7, wherein the 1nitial locations of
the plurality of end pieces are based on meeting desired
directly-controlled physical characteristics and/or indirectly-
controlled physical characteristics.

9. The method according to claim 1, wherein:

a plurality of end pieces are to be portioned from the food

workpiece; and

a directly-controlled physical characteristic comprises the
shapes of the end pieces, said shapes selected from the
group consisting of:

a first nominal sized end piece and a plurality of signifi-
cantly smaller sized end pieces that are collectively
treated as a nominal sized second end piece, with an
algorithm or analysis technique utilized to divide the
second end piece mto a plurality of smaller sized 1ndi-
vidual sub-portions; and

a single composite portion of the mdividual adjacent por-
tions end pieces.

10. The method according to claim 9, wherein the location
of the single composite portion 1s determined by analyzing
the extent to which each individual end piece of the composite
portion meets desired directly-controlled and/or indirectly-
controlled physical characteristics.

11. The method of claim 10, wherein the individual end
pieces of the composite portion that do not meet the directly-
controlled and/or indirectly-controlled physical characteris-
tics are eliminated from the composite portion and the result-
Ing remaining composite portion is analyzed to determine the
extent to which the remaining composite portion meets the
indirectly-controlled physical characteristics.

12. A system for portioning a food workpiece 1nto one or
more pieces, comprising:

a scanner for scanning the food workpiece;

a cutter for portioning the food workpiece; and

a processor coupled to the scanner and the cutter, the pro-
cessor controlled by computer-executable instructions
for performing the steps of:

(a) recerving multiple acceptable combinations of target

values or ranges of target values of:

(1) one or more directly-controlled physical characteris-
tics of the one or more food workpieces; and

(11) one or more indirectly-controlled physical charac-
teristics that result from the application to the food
workpiece of the one or more directly-controlled
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physical characteristics of one or more final pieces to
be portioned from each food workpiece;

(b) controlling the scanner to scan the food workpiece to
obtain scanning information;

(¢) simulating portioning the scanned-in food workpiece
according to one or more directly-controlled physical
characteristics and calculating the one or more indi-
rectly-controlled physical characteristics of the one or
more final pieces to be portioned according to the one or
more directly-controlled physical characteristics;

(d) repeating simulating portioning of the food workpiece
for multiple combinations of the one or more directly-
controlled physical characteristics, and rating each com-
bination based on how closely the combination achieves
the desired target values or range of target values of the
one or more directly-controlled physical characteristics
and/or the resulting target values or range of target val-
ues of the one or more directly-controlled physical
characteristics:

(¢) using one or more algorithms to sequentially select
potentially acceptable one or more directly-controlled
physical characteristics until an acceptable combination
of one or more directly-controlled characteristics and
one or more indirectly-controlled physical characteris-
tics resulting from applying the one or more directly-
controlled physical characteristics to the food workpiece
are determined;

(1) wherein each potential combination from steps (¢) and
(d) 1s rated according to an optimization algorithm as
applied to one or more of the one or more directly-
controlled and/or indirectly-controlled physical charac-
teristics, with the optimization rating of the one or more
directly-controlled and/or indirectly-controlled physical
characteristics related to the deviation of the one or more
directly-controlled and/or indirectly-controlled physical
characteristics from i1deal physical characteristic target
values or range of target values;

(g) wherein said optimization algorithm functions to select
an acceptable combination of one or more directly-con-
trolled physical characteristics and/or one or more 1ndi-
rectly-controlled physical characteristics within a lim-
ited number of iterations without having to consider all
possible combinations of target values of or ranges of
target values of one or more directly-controlled physical
characteristics and the target values or ranges of target
values of one or more indirectly-controlled physical
characteristics that result from applying the one or more
directly-controlled physical characteristics to the food
workpiece; and

(h) controlling the cutter to portion the workpiece accord-
ing to the combination of characteristics as determined
in steps (1) and (g) above.

13. The system of claim 12, wherein the user interface
enables the user to specity the importance to apply to the one
or more directly-controlled physical characteristic and/or the
one or more 1ndirectly-controlled physical characteristic.

14. The system of claim 12, further comprising a user
interface system that permits a user to enter and/or alter the
one or more directly-controlled physical characteristics and/
or the one or more indirectly-controlled physical character-
1stics.

15. The system according to claim 14, wherein the user
interface provides the user with information concerning the
values of one or more directly-controlled and/or indirectly-
controlled physical characteristics being achieved.

16. The system according to claim 15, wherein the user
interface 1s accessible to obtain statistical information regard-
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ing values of the one or more directly-controlled and/or indi-
rectly-controlled physical characteristics being achieved.
17. The system of claim 12,
A. wherein each combination is rated according to one of:
a cost function as applied to one or more of the one or
more directly-controlled and/or indirectly-controlled
physical characteristics, with the cost applied to the
one or more directly-controlled and/or indirectly-
controlled physical characteristics increasing as the
one or more directly-controlled and/or indirectly-
controlled characteristic deviates from an 1deal physi-
cal characteristic target value or range of target val-
ues; and

a value function 1s applied to one or more of the one or
more directly-controlled and/or indirectly-controlled
physical characteristics, with the value applied to the
one or more directly-controlled and/or indirectly-
controlled physical characteristics, decreasing as the
one or more directly-controlled and/or indirectly-
controlled physical characteristics deviates from an
ideal physical characteristic target value or range of
target values, and

B. wherein a weighting factor 1s applied to one or more
directly-controlled and/or indirectly-controlled physical
characteristics, and the weighting factor 1s automatically
adjusted based on one or more selected algorithm(s) to
minimize the cost function or maximize the value func-
tion of the one or more directly-controlled and/or indi-
rectly-controlled physical characteristics.

18. The method of claim 12, wherein a plurality of optimi-
zation functions are applied to one or more of the one or more
directly-controlled and/or indirectly-controlled physical
characteristics.

19. The method of claim 18, wherein the plurality of opti-
mization functions are simultaneously applied to one or more
of the directly-controlled and/or indirectly-controlled physi-
cal characteristics.

20. The method of claim 12, wherein the optimization
function actually chosen for use on a food workpiece 1s
selected from the group consisting of:
the most desirable or 1deal result;
the first result that provides an acceptable combination;

and

the result that provides the greatest number of final pieces
that meet the directly-controlled and/or indirectly-con-
trolled physical characteristics.

21. A non-transitory computer-readable medium including
computer-executable instructions which, when loaded onto a
computer, perform a method comprising:

(a) simulating portioning a food workpiece according to
target values or ranges of target values of one or more
directly-controlled physical characteristics;

(b) calculating the values or ranges of values of the one or
more indirectly-controlled physical characteristics of
the one or more final pieces to be portioned from the
food workpiece resulting from applying the one or more
directly-controlled physical characteristics to the food
workpiece;

(c) repeating simulating of the positioning of the food
workpiece for multiple combinations of the one or more
directly-controlled physical characteristics, and rating
cach combination 1s based on how closely the combina-
tion achieves the desired target values or range of target
values of the one or more directly-controlled physical
characteristics and/or the resulting one or more indi-
rectly-controlled physical characteristics;
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(d) using one or more algorithms to analyze potentially
acceptable one or more directly-controlled physical
characteristics until an acceptable combination of one or
more directly-controlled physical characteristics and
one or more indirectly-controlled physical characteris-
tics resulting from applying the one or more directly-
controlled physical characteristics to the food workpiece
are determined;

(¢) wherein each potential combination from steps (¢) and
(d) 1s rated according to an optimization algorithm as
applied to one or more of the one or more directly-
controlled and/or indirectly-controlled physical charac-
teristics, with the optimization rating of the one or more
directly-controlled and/or indirectly-controlled physical
characteristics related to the deviation of the one or more
directly-controlled and/or indirectly-controlled physical
characteristics from i1deal physical characteristic target
values or range of target values; and

(1) wherein said optimization algorithm functions to select
an acceptable combination of one or more directly-con-
trolled physical characteristics and/or one or more 1ndi-
rectly-controlled physical characteristics within a lim-
ited number of iterations without having to consider all
possible combinations of target values of or ranges of
target values of one or more directly-controlled physical
characteristics and the values or ranges of target values
of one or more 1indirectly-controlled physical character-
istics that result from applying the one or more directly-
controlled physical characteristics to the food work-
piece.

22. The non-transitory computer-readable medium of

claim 21,

A. wherein each combination 1s rated according to one of:

a cost function as applied to one or more of the one or
more directly-controlled and/or indirectly-controlled
physical characteristics, with the cost applied to the
one or more directly-controlled and/or indirectly-
controlled physical characteristics increasing as the
one or more directly-controlled and/or indirectly-
controlled physical characteristics deviate from 1deal
physical characteristic target values or range of target
values; and

a value fTunction as applied to one or more of the one or
more directly-controlled and/or indirectly-controlled
physical characteristics, with the value applied to the
one or more directly-controlled and/or indirectly-
controlled physical characteristics decreasing as the
one or more directly-controlled and/or indirectly-
controlled physical characteristics deviate from 1deal
physical characteristic target values or ranges of tar-
get values; and

B. wherein a weighting factor 1s applied to one or more
directly-controlled and/or indirectly-controlled physical
characteristics, and the weighting factor 1s automatically
adjusted based on one or more selected algorithm(s) to
minimize the cost function or maximize the value func-
tion of the one or more directly-controlled and/or indi-
rectly-controlled physical characteristics.

23. The non-transitory computer: readable medium of
claim 21, wherein a plurality of optimization functions are
applied to one or more of the one or more directly-controlled
and/or indirectly-controlled physical characteristics.

24. The non-transitory computer-readable medium of
claim 23, wherein the plurality of optimization functions are
simultaneously applied to one or more of the directly-con-
trolled and/or indirectly-controlled physical characteristics.
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25. The non-transitory computer-readable medium of
claim 22 wherein the optimization function actually chosen
for use on a workpiece 1s selected from the group consisting
of:
the most desirable or 1deal result; 5
the first result that provides an acceptable combination;

and
the result that provides a desired set of final pieces that

meets the directly-controlled and/or indirectly-con-

trolled physical characteristics. 10
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